The Consortium of Universities for the Advancement of Hydrologic Science Inc. (CUAHSI) hydrologic information system (HIS) is a widely used service oriented system for time series data management.
INTRODUCTION Scientific data exchange
The emergence of the so-called fourth scientific research paradigm, data-intensive science, has brought with it significant challenges and opportunities that are magnified by rapid increases in the availability of data and data management tools (Piasecki et al. ; Tolle et al. ) . The aggregation and distribution of heterogeneous data across disciplines enables scientists to address ever more complex challenges such as global climate variability, the effects of urbanization, and decreasing availability of water (Michener et al. ) . Recent advances in water data cyberinfrastructure have drastically simplified the storage and exchange of water related data by individual researchers and large agencies alike (Botts et 
Data sharing
CUAHSI HIS is an example data exchange service intended specifically for scientific data. While systems and technologies for scientific data exchange have been welldeveloped, major scientific advances may require more than the mere exchange of data. We suggest that a more complete and useful notion of scientific data sharing should include at least the following components:
1. A mechanism to efficiently archive, discover, and retrieve data (Piasecki et al. ) .
2. Extensive creator and science metadata including versioning, licensing, and provenance information (Bechhofer et al. ) .
3. A persistent digital identifier such as a digital object identifier (DOI) (Paskin ).
4.
A system for facilitating scientific discussion and collaboration around the data.
In the hydrologic sciences, much has already been accomplished regarding the first three components of this A similar collaboration and data sharing support system for data associated with pre-publication research has the potential of increasing the speed of scientific advances and the related publication process (Tarboton et al. ) . An example of such a system is iPlant in which users can discuss any file or folder in a structured comment management system (Goff et al. ) . Similarly, D4Science.org users can share 'updates' to which datasets can be attached on a public news feed. These updates can be discussed and 'favorited' (Assante et al. ) . These systems provide scientists with a simple workspace for discussion and clarification regarding individual or groups of datasets which are not necessarily associated with published journal articles.
HydroShare as a social media platform
The HydroShare project is designed to provide hydrologic scientists each of the four functionalities of a data-sharing network described above, and notably emphasizes the last point, providing a space for collaboration and discussion.
HydroShare, an NSF-funded partner project to CUAHSI HIS, is a data sharing system for static datasets (e.g. files on disk rather than dynamic, database-driven HIS datasets) built on the Django web application framework (www.djangoproject.com/) and the Integrated Rule-Oriented Data System (iRODS) (http://irods.org/). It is focused on providing a simple web-based data sharing platform for hydrologists to discover and access hydrologic data and models (Tarboton et al. ) . HydroShare's social media design combines elements of social networks (creation of groups, and a user profile which allows for professional self-disclosure), collaborative projects (collaboration around content to produce a more complete and better result), and content communities (upload, sharing, and discoverability of research data).
This combination of social network, collaborative project, content community is uniquely suited to aid hydrologists in their individual and collaborative research.
Melding HIS and HydroShare
While the current HIS presents a useful solution to the challenge of storing and exchanging time series data it lacks the support for web-based interaction with these datasets in a system that supports social media-style scientific collaboration and discussion. The remainder of this paper presents the design, development, and testing of a new software extension intended to fill the need for web-based HIS functionality, online collaboration, and social networking for HIS time series data (turning a HIS time series dataset into social media). This is accomplished by extending the HydroShare system by creating a new resource type unique from any of the existing or proposed HydroShare resource types: a HIS Referenced Time Series resource type -a resource that, rather than storing static data files on disk, retrieves data dynamically from one of the many existing HydroServers in the HIS network ( Figure 1 ). As HydroShare resources, HIS time series will be digital social objects that can be discussed, endorsed, followed, and shared -effectively becoming social media. Furthermore, the referenced HIS time series data will be provided the HydroShare data curation features such as provenance and attribution metadata. The testing of this software extension was done in reference to stream stage data collected on the Provo River in Provo Utah, USA. The data were collected using low-cost data logging and transmission hardware, stored on a Hydroserver (Sadler et al. ) and added to HydroShare using our software extension. Through the social media functionality provided by HydroShare, the owner of the data is able to receive input from select colleagues to determine whether the data are reasonable and can be relied upon for hydrologic model calibration or validation. 
METHODS

Case study validation
The implementation of the design of the HIS Referenced Time Series within the HydroShare-Django framework is validated with respect to stream stage data collected on the Provo River shown in Figure 5 . The data were stored on a HydroServer which is not registered with the HIS Catalog. The researcher is using the Lower Provo River watershed as a study area for urban hydrology and would like to eventually use data from this station to calibrate his model. Because the data were collected using low-cost data-logging and transmission hardware (4) endorse comments and see his or her colleague's endorsements of comments, and (5) finally, with the help of the colleagues' collaboration, make a decision whether or not to accept the collected data, make the resource public, and continue using this station for his modeling needs.
RESULTS AND DISCUSSION
This section presents the results and discussion of the implementation of the Referenced Time Series resource type in HydroShare. The results are based upon the HydroShare system found at www.hydroshare.org. Source code for Third we considered the modes of discovery offered by each system. In the current HIS, the main discovery tool is HydroDesktop with which users can discover datasets according to geographic location, variable, and time frame HydroShare users to whom the resource owner has given access can comment on the dataset. When public everyone, even anonymous users, will be able to add comments. This functionality is intended to promote a free and open collaborative environment. As such, there is currently no restriction on a user posting off-topic and/or inflammatory comments. While it is difficult to know the extent to which this type of 'trolling' activity will occur, the ability to endorse comments may act as a natural filter. If this is not sufficient, CUAHSI may need to provide a more direct solution. Our system is the only one that we reviewed that provides the ability to comment on both private and public resources. Referenced Time Series into a static time series which would take the latest data from the HydroServer and then eliminate the updating procedure; as a static time series, the resource would be able to be published with a DOI that refers to the data values themselves.
CONCLUSIONS
We successfully designed, integrated, and tested the HIS In addition to the current HydroShare features which enhance their use and sharing, planned future developments will add even more value to HIS Referenced Time Series data. In future HydroShare versions, the ability to 'follow' a HIS Referenced Time Series resource as it changes will add value to the data. Additionally, as HydroShare begins to support the pre-processing, post-processing, and execution of hydrologic models, users will be able to easily integrate HIS Referenced Time Series resources as the data and workflows will all be contained conveniently in one system. While the extension described in this paper is a fundamental step in integrating the existing HIS, it is unlikely that a scientist with many datasets would add each one 
